We re-examined the generally accepted concept that replication of Rous sarcoma virus (RSV) requires host DNA synthesis. We used terminally differentiated chicken myotubes as the host because chromosomal DNA replication is completely abolished by the natural differentiation process. Southern blot analysis detected unintegrated viral DNA in both the nucleus and cytoplasm of infected myotubes. This indicated that reverse transcription of the infecting viral RNA and transport of the newly synthesized viral DNA into the nucleus proceeded normally in myotubes. However, restriction enzyme digestion of high Mr DNA prepared from infected myotubes produced none of the fragments specific for RSV, indicating that the viral DNA had failed to integrate into the myotube chromosomal DNA. In these infected myotubes, viral RNA was detected by in situ hybridization. Northern blot analysis showed the presence of all three RSV mRNAs (38S, 28S and 21S). The amount of these viral RNAs in infected myotubes was comparable with that found in infected fibroblasts. We conclude that host DNA synthesis is required for RSV integration, but, in contrast to the generally accepted concept, viral DNA integration is not an absolute requirement for transcription of the RSV genome.
Introduction
The life cycle of Rous sarcoma virus (RSV) involves a number of steps (Svoboda, 1986; Varmus, 1988; Coffin, 1990a) . After penetrating the host cell, viral DNA is synthesized from viral genomic RNA by reverse transcriptase, transported to the nucleus, and integrated into the host chromosomes by integrase (Brown et al., 1989; Fujiwara & Craigie, 1989; Brown, 1990; Coffin, 1990b; Grandgenett & Mumm, 1990; Goff, 1990) . This integration step is considered obligatory for RSV replication (Varmus, 1988) . The integrated viral DNA (provirus) serves as a template for transcription of viral RNA. The primary transcript (38S RNA) and spliced subgenomic RNAs (28S and 21S) (Krzyzek et al., 1978) are translated to produce viral proteins, which are assembled into virus particles and released from the host cell. During this process cellular transformation takes place owing to the expression of v-src protein (Brugge & Erikson, 1977) . Of these steps, integration of viral DNA is believed to be dependent on synthesis of host DNA (Varmus et al., 1977 (Varmus et al., , 1979 Humphries et al., 1981) . Since the above events supposedly take place sequentially, all the steps after DNA integration are thought not to occur if this step is blocked.
During in vitro myogenesis ( Fig. 1, I ), mononucleated myoblasts isolated from chick embryos withdraw from the cell cycle after a few cell divisions and fuse to form multinucleated myotubes (Muntz, 1990; Turner, 1978; Dienstman & Holtzer, 1977) . This normal form of myogenesis is not observed in myoblast cultures infected with a wild-type (wt) or a temperature-sensitive (ts) mutant of RSV and kept at the permissive temperature (36 °C) to allow v-src gene expression (Fig. 1, II) . However, normal myogenesis takes place if myoblast cultures infected with a ts mutant of RSV are kept at the non-permissive temperature (42 °C) (Fiszman & Fuchs, 1975; Falcone et al., 1984 Falcone et al., , 1991 Alema & Tato, 1987) . These myotubes are designated "early-infected' myotubes because they are infected with RSV at the 'early' stage of myogenesis (mononucleated myoblasts; Fig. 1 , III). Unlike the normal uninfected myotubes, earlyinfected myotubes quickly undergo degeneration upon activation of v-src by exposing the culture to the permissive temperature (Fig. 1, IV) (Kobayashi & Kaji, 1978) . When cultures are exposed to RSV at the 'late' stage of myogenesis (multinucleated, terminally differen- (Stockdale & Holtzer, 1961) . Myoblasts can be infected with wt or ts RSV and grown at 36 °C to obtain transformed undifferentiated myoblasts (II). When grown at the non-permissive temperature (42 °C), ts RSV-infected myoblasts differentiate to form myotubes (III). Such myotubes are defined as 'early-infected' myotubes. These early-infected myotubes degenerate upon temperature shift to 36 °C owing to activation of the v-src gene (1V) (Kobayashi & Kaji, 1978) . Myotubes formed from the uninfected myoblasts (I) could be infected with RSV without apparent morphological change (V). These myotubes were defined as 'lateinfected' myotubes and studied. tiated myotubes), they are designated 'late-infected' myotubes ( Fig. 1, V ). Since these late stage myotubes do not synthesize DNA, except for unscheduled repair (Stockdale & Holtzer, 1961; Pullman & Yeoh, 1978; Kobayashi & Kaji, 1978; Lim & Hauschka, 1984; Kaufman & Robert-Nicoud, 1985) , we used them to find answers to the following two questions. (i) Is RSV integration blocked in myotubes in which DNA synthesis is terminated by a natural differentiation process ? (ii) If integration is blocked, how does it affect the rest of the virus replication process?
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In this communication, we report that RSV integration is effectively blocked in late-infected myotubes. However, the level of transcription of RSV RNA in late-infected myotubes is comparable with that in chicken embryo fibroblasts (CEFs), and the transcripts are spliced normally. These findings confirmed that host DNA synthesis is required for RSV integration, and also suggested that, in contrast to the general belief, unintegrated viral DNA can be an efficient template for viral RNA transcription.
Methods
Cell cultures and viruses. All cell cultures were prepared from 10-to 12-day-old SPAFAS C/O (chf-, gs-) chick embryos. For one experiment, C/AB chick embryos were used. Primary myogenic cells were prepared from embryo breast muscle tissue as described previously (Kobayashi & Kaji, 1978) , and were seeded at a density of 6 x 106 to 8 × 106 cells in 8 ml of muscle medium (8 parts Eagle's MEM, l part horse serum, 1 part chick embryo extract, supplemented with antibiotics) per l0 cm tissue culture dish, which had been precoated twice with l0 mg/ml gelatin and sterilized by u.v. irradiation. Cultures were maintained at 36 °C in an atmosphere of 5~ CO 2. Muscle medium containing 1 p.g/ml of cytosine arabinoside (Ara-C) was used to inhibit replication of mononucleated cells on day 2 postplating. Treatment with this medium for 2 days reduced mononucleated cell contamination to 1 to 10 % in myotube cultures (Pullman & Yeoh, 1978) . This was verified by calculation from the 3H profile of light-light (LL) and heavy-light (HL) DNA in the 5-bromo-2'-deoxyuridine (BUdR) experiment described below.
For the preparation of late-infected myotubes, myotubes were cultured in muscle medium without Ara-C for at least 15 h. Cultures were then infected at approximately 1 to 5 f.f.u./nucleus with the wt Schmidt-Ruppin A strain of RSV (SRA, from Dr H. Hanafusa). The wt Prague A strain of RSV (PRA) was also used in some experiments. After overnight incubation with virus inoculum, culture fluids were replaced daily with fresh muscle medium. Cultures at 4 days postinfection were used for analysis.
Early-infected myotube cultures were prepared as described previously (Kobayashi & Kaji, 1978) . Briefly, primary myogenic cells (5 x l06 cells) were plated on a 10 cm dish and infected with either a ts mutant of SRA, tsNY68 from Dr H. Hanafusa (Kawai & Hanafusa, 1971) , or a ts mutant of PRA, tsGI201-9 (Tanaka et al., 1980) at 1 to 5 f.f.u./cell, tsGI201-9 was used because this mutant has the most clearcut temperature sensitivity for cell transformation. After infection, cultures were maintained in muscle medium at 42 °C (the nonpermissive temperature for v-src gene expression) to allow the normal development of myotubes. Approximately 48 h after plating, the medium was changed to muscle medium containing Ara-C and incubation was continued for 24 h. At this point, the medium was changed again to Ara-C-free muscle medium and cultures were kept in this medium for an additional 24 h before analysis.
Primary CEF cultures were prepared from the same embryos that were used for myotube cultures. Secondary CEF cells were plated onto gelatin-coated tissue culture dishes at 2 × 106 cells per 10 cm dish. Cells were then infected with RSV at 1 to 10 f.f.u./cell and maintained in Ara-C-free muscle medium. The medium was changed daily.
Preparation of DNA. DNA from infected and uninfected cells was prepared as described previously (Sabran et al., 1979) . For preparation of whole cell DNA, cells were solubilized with 0.6~ (w/v) SDS and pronase (500 ktg/ml). For peparation of cytoplasmic and nuclear DNA, cells were first separated into cytoplasm and nuclei by the method described previously (Guntaka et al., 1976) . In brief, cells were trypsinized, washed with: buffer (0.14 M-NaCI, 5 mM-KCI, 5.5 mUglucose, 25 mM-Tris-HCl pH 7-4) and swelled in swelling buffer (1 mMTris-HCl pH 7.4, 1 mra-NaCl, 0.15 mM-MgC12). NP40 was then added to the suspension to a final concentration of 1 ~ to lyse over 98 ~ of the cells. The lysed cell suspension was centrifuged at 800 g for 10 min to separate the nuclear (pellet) from the cytoplasmic (supernatant) fraction. Each fraction was then solubilized with SDS and pronase as described above. The level of cross-contamination between fractions was about 3% (Amini & Kaji, 1983) . The nucleic acids in the lysates were extracted using phenol-chloroform-isoamyl alcohol (25:24:1, v/v) followed by treatment with chloroform-isoamyl alcohol (24:1), and precipitated with ethanol. The precipitated DNA was solubilized in 0.1 x SSC (1 x SSC is 150 mM-NaC1, 15 mM-sodium citrate) and digested with ribonuclease A (500 ~tg/ml) before phenol and chloroform extractions, and precipitated again with ethanol. Lyophilized DNA was solubilized in 0.1 x SSC.
For preparation of high Mr chromosomal DNA, whole cellular DNA prepared as described above was subjected to electrophoresis in a 1 70 (w/v) agarose gel. The gel portion containing chromosomal DNA larger than the largest fragment (approximately 23 kbp) of the HindlIIdigested 2 DNA molecular size marker was cut out, and DNA was electrophoretically recovered from the gel. The amount of DNA was measured by the mithramycin method (Hill & Whatley, 1975) .
Preparation of myotube chromosomal DNA (BUdR method).
Approximately 1 to 10 % of the D NA extracted from myotube cultures as above was from contaminating mononucleated cells. These contaminant DNAs were removed as follows. Myoblasts were cultured in the presence of [3H]thymidine deoxyribonueleoside (TdR, 1 ~tCi/ml) between day 0 and day 2, when Ara-C was introduced. After 2 days, the Ara-C-containing medium was removed and 16 ~tM-BUdR introduced. Cells were cultured for at least 2 more days. To remove the unintegrated viral DNA, Hirt fractionation was employed (Hirt, 1967) . Chromosomal DNA prepared as described above was subjected to CsCi centrifugation (5.73 g CSC1/4.4 ml) in an SW65 rotor at 45000 r.p.m, for 48 h (Stockdale & O'Neill, 1972) . Positions corresponding to LL DNA (myotube DNA) and HL DNA (fibroblast DNA) were determined by measuring the radioactivity of each fraction.
Analysis ofDNA. DNA samples were subjected to electrophoresis in a 1 70 (w/v) agarose gel in 40 mM-Tris-HCl pH 8.0, 5 m_~-sodium acetate, 1 mM-EDTA, and blotted onto a nitrocellulose membrane (Southern, 1975) . RSV-specific DNA sequences were detected by hybridization with a 32P-labelled SRA2 (molecularly cloned SRA) probe (specific activity, 3 x 108 c.p.m./~tg) (DeLorbe et al., 1980) .
Analysis of RNA.
Cells on a 10 cm plate were treated with 400 ~tg/ml proteinase K and solubilized in 170 SDS and 2 M-guanidinium thiocyanate (prewarmed to 60 °C) (Chirgwin et al., 1979) . The sample was then treated with hot phenol (Scherrer & Darnell, 1962) . Poly(A) + mRNA was selected by chromatography on oligo(dT)-cellulose as described previously (Aviv & Leder, 1972) with some modifications. The ethanol-precipitated RNA was dried, resuspended in 500 ~tl of buffer B (10 mM-Tris-HCl pH 7-5, 1 mM-EDTA, 0-1% SDS, 10 ~tM-aurintricarboxylic acid), heated for 5 min at 68 °C and then cooled on ice. After adding a one-tenth volume of 5 M-NaCI, each sample was chromatographed on oligo(dT)-cellulose, and poly(A) ~ RNA was eluted with 2 ml of buffer B. Samples were denatured with 18 111 of 670 deionized glyoxal, 4570 DMSO and 10 mM-sodium phosphate buffer pH 7.0 at 50 °C for 1 h. Samples were then electrophoresed on a 1.1% agarose gel in 10 mM-sodium phosphate buffer PH 7.0 for 6 h. The electrophoresed samples were then transferred to a nitrocellulose membrane and hybridized to the 32p-labelled SRA2 DNA probe according to the method of Thomas (1980) . Preparation and analysis of RSV mRNA in nuclear and cytoplasmic fractions. Nuclear and cytoplasmic fractions were obtained as described above. After lysis by NP40, one-half of the lysed cell suspension was saved to represent the unfractionated whole cell, and the other half was separated into nuclear (pellet) and cytoplasmic (supernatant) fractions. RNA obtained as described above from the whole, nuclear and cytoplasmic fractions was dissolved in 10 ~tl of water, and denatured in a boiling water bath for 5 min. The samples were cooled immediately on ice and serially diluted samples were analysed by the dot blot procedure. The exposed film was scanned using a densitometer to quantify the amount of hybridizing RSV RNA in arbitrary units.
In situ hybridization. Chicken embryo myogenic cells and fibroblasts were plated at initial densities of 6 x 105 to 7 x 105 cells and 2 x 105 cells per 35 mm dish, respectively. Myoblast and CEF cultures were infected with wt PRA at a multiplicity of 1 to 5 and 1 to 10, respectively. The cells were washed twice with Tris-buffered saline (0.15 M-sodium chloride, 0.02 M-Tris-HCi pH 7.5), fixed for 30 min at 0 °C in 1.5 ml ethanol : acetic acid (3 : 1) (v/v) and kept at -20 °C until hybridization was carried out (John et al., 1977) . The fixative was then decanted, and the dishes were incubated in 0.2 M-HC1 for 20 min at 20 °C. The cells were dehydrated by sequential exposure to 5070, 7070, 9070 and 10070 ethanol for 10 min each at room temperature. The dishes were air-dried prior to the addition of tritiated eDNA (40 to 50 ng, 10 c.p.m./pg) in 10 ~tl 3.6 x SSC. Acid-washed cover glasses were placed on top of the cells to retard evaporation. The culture dishes were then placed in 100 mm glass Petri dishes containing a moistened paper towel. The samples were placed in a 68 °C water bath and hybridization was allowed to continue for approximately 18 h. The ceils were then washed three times at room temperature with 3 ml 2 x SSC and once at 55 °C with 3 ml 2 x SSC for 1 to 2 h. The ceils were again dehydrated as above, airdried and covered with a 1 : 1 mixture of Kodak NTB-2 emulsion in water. The plates were wrapped in aluminum foil and kept at 4 °C for approximately 4 weeks, before development with Kodak D-19 developer.
Results

Presence of unintegrated viral DNA in late-infected myotubes
In the experiment described in Fig. 2 , DNA was prepared from the cytoplasmic and nuclear fractions, as well as from whole cell lysates of late-and early-infected myotubes, infected fibroblasts and uninfected myotubes. Undigested DNA was subjected to agarose gel electrophoresis, followed by Southern blot analysis with 32p-labelled SRA2 DNA as a probe. This figure shows the presence of unintegrated viral DNA in late-infected myotubes. This indicates that the RNA genome of the infecting virus particles was successfully reverse-transcribed into dsDNA, although the precise structure of the viral DNA is still to be determined. The amount of linear as well as covalently closed circular (ccc) RSV DNA in late-infected myotubes was comparable to that found in infected fibroblasts (2 days after infection). In addition, this figure shows that viral DNA could enter the nuclei of late-infected myotubes, suggesting the existence of a mechanism that transports viral nucleoprotein integration complexes across the nuclear membrane of non-dividing myotubes. The signal intensity of the high Mr DNA-containing area of the cytoplasm and that of whole cell DNA varied because the blotting efficiency of such large DNA was variable.
For quantitative determination of the newly acquired RSV genomes in late-infected myotubes, whole cell DNA was digested with EcoRI and subjected to Southern blot analysis. As the restriction map in Fig. 3 (c) shows, the endogenous virus sequence ev-1, known to (Southern, 1975) . Early-and late-infected myotube DNA was prepared 4 days after infection with the RSV Prague tsGI201-9 (Becker et al., 1977; Tanaka et al., 1980) strain. Infected fibroblast DNA was prepared from cells harvested 2 days after infection. Uninfected myotube and fibroblast DNA was obtained from cultures prepared in parallel from the same embryos. Lanes N and W received 2.5 ~tg of total extracted DNA. For lane C, the cytoplasmic fraction equivalent to 2.5 ~tg nuclear DNA was used as the starting material for DNA extraction and all of the DNA recovered was subjected to electrophoresis. CCC, Covalently closed circular form. Fig. 3 . Lack of integrated RSV DNA in late-infected myotubes. DNA was prepared from various infected cells and examined as described in the legend to Fig. 2 . High Mr cellular DNA (1.5 Ftg per lane) was digested to completion using XhoI (a) or EcoRI (b) , and subjected to Southern blot analysis. Lane 1, uninfected myotubes (7-5 days after plating); lane 2, early-infected myotubes (4 days after infection); lane 3, late-infected myotubes; lane 4, infected fibroblasts. Cells were harvested 2.5 days after infection unless otherwise mentioned. (c) Restriction maps of the provirus DNA of the SRA strain of RSV (DeLorbe et al., 1980) and the chicken endogenous virus locus ev-I (Astrin, 1978) . Flanking cellular sequences are indicated by single lines. Filled rectangles represent LTR sequences. Fragment sizes are expressed in kbp.
exist in SPAFAS (chf-, gs-) chickens, produces a single 3.6 kbp fragment upon digestion with EcoRI, whereas the DNA sequence of the infecting virus gives additional 2.4 and 3.0 kbp fragments (Astrin, 1978) . After densitometric quantification of the autoradiograms, we calculated the number of newly acquired RSV genomes from the relative intensity of 2-4 to 3.6 kbp fragments in infected cells. We assumed that one endogenous virus genome existed per haploid genome and was represented by the presence of a 3-6 kbp fragment (see Fig. 3c ) (Astrin, 1978) . The results showed that late-infected myotubes acquired an average of 6-8 copies of the RSV genome per haploid genome 4 days after infection, whereas CEFs acquired 2-0 copies. A similar experiment using undigested whole cell DNA revealed that lateinfected myotubes retained unintegrated DNA on day 7 (2.5 copies per haploid genome), whereas such DNA had disappeared from infected fibroblasts completely by day 7 (data not shown).
Absence of integrated viral DNA in late-infected myotubes
In the experiment shown in Fig. 3 Fig. 3a , lane 3; for the restriction map, see Fig. 3c ). Similarly,. digestion with EcoRI revealed very little, if any, newly acquired viral DNA (3.0 and 2-4 kbp) (Fig. 3b, lane 3) . On the other hand, infected CEFs (Fig. 3 b, lane 4) and early-infected myotubes (Fig. 3b , lane 2) gave strong newly acquired viral DNA bands. Fragments of 3-6 kbp (EcoRI) and 4.6 kbp (XhoI) represent endogenous as well as the acquired viral genome (Highfield et al., 1980; Sabran et al., 1979; Shank et al., 1981) . The minimum amount of viral DNA detectable by this method was about 0.05 RSV genome copies per haploid host genome (data not shown). The small amount of acquired viral DNA detected in the late-infected myotube DNA in Fig. 3(a and b) may have been derived from the contaminating mononucleated cells, which constituted 1 to 10~ of the nuclei in the myotube culture. To separate myotube DNA from mononucleated cell DNA, we took advantage of the fact that fibroblast DNA replicates whereas myotube chromosomal DNA does not. The complete termination of DNA replication in myotubes has been proven and established by several laboratories (Stockdale & Holtzer, (1 laCi/ml) for the first 2 days after plating and allowed to develop into myotubes. On day 5, the myotubes were infected with RSV tsGI201-9 and cultured for an additional 2 days. At this point, the culture was incubated with BUdR (16 ~tM) for 48 h. For the preparation of early-infected myotubes, myoblasts were infected with RSV tsGI201-9 and allowed to form myotubes at the nonpermissive temperature (42 °C). The culture was incubated with BUdR (16 pM) for a further 16 h. Each culture was then subjected to Hirt fractionation (Hirt, 1967) and the cellular DNA (the Hirt pellet) was subjected to CsC1 density gradient centrifugation as described in Methods. 1961 ; Pullman & Yeoh, 1978; Lim & Hauschka, 1984; Kaufman & Robert-Nicoud, 1985) , and has also been confirmed in our laboratory (Kobayashi & Kaji, 1978) . In this experiment, the myotube cultures were incubated with the nucleoside analogue BUdR for 48 h starting 2 days post-infection, and the extracted chromosomal DNA was subjected to CsCI density gradient centrifugation (Stockdale & O'Neill, 1972; Varmus et al., 1977) . The fibroblast DNA which replicated in the culture and incorporated BUdR should be of higher density than the myotube DNA which had not replicated. The absence of BUdR label from myotube DNA treated in a similar manner has been proven by others using anti-BUdR antibodies (Pullman & Yeoh, 1978) . Therefore, after centrifugation, the LL DNA band (no BUdR in either DNA strand) represented myotube DNA, whereas the HL (BUdR in one strand) and heavy-heavy (HH; BUdR in both strands) DNA bands represented fibroblast DNA. Fig. 4 clearly shows that no newly acquired viral DNA was present in the gradient-purified LL DNA derived from the late-infected myotube culture (lane 3). On the other hand, the HL DNA contained newly acquired viral DNA, represented by the 3-0 and 2-4 kbp fragments in the EcoRI-digested DNA (lane 5). From these results, we concluded that no viral DNA integrates into the late-infected myotube chromosomal DNA, and that the trace amount of these fragments in the chromosomal DNA of the late-infected myotubes detected in Fig. 3(a, b) is most likely to be due to the small number of fibroblasts in the myotube culture. It should It is unlikely that addition of B U d R changed the life cycle of RSV in late-infected myotubes because it has been reported that BUdR does not influence the efficiency of cell transformation and virus particle production by fibroblasts (Bader, 1975) . To confirm this, we introduced BUdR at the time of RSV infection instead of 2 days after infection. Analysis of the D N A of these late-infected myotubes with PvuI led to the same conclusion as above (data not shown).
Presence o f viral R N A in late-infected myotubes
To examine the possible production of viral R N A in lateinfected myotubes, an in situ hybridization experiment was carried out using a 3H-labelled SRA2 D N A probe. As shown in Fig. 5 , late-infected myotubes (Fig. 5d, e) had a significant number of grains as did infected CEFs (Fig. 5f) . Fig. 5(c) represents a control experiment without infection. In this experiment, we used cultures derived from C/O chick embryos for infection with a subgroup A RSV. Cells from C/O embryos are known to be susceptible to infection with RSV of all known subgroups, including subgroup A, whereas C/AB ceils are genetically resistant to infection by subgroup A RSV (Piraino, 1967; Weiss, 1976) . Therefore, infection of * The hybridized culture dishes were photographed at a total magnification of x 1500. The grains in a 325 mm 2 area were counted. The background value was subtracted from the data. Standard error: significance between b and c, P < 0.01 ; significance between c and d, P < 0.01 ; significance between d and e, P < 0.05.
C/AB myotubes with subgroup A RSV provides a good negative control which should show only the level of nonspecific physical attachment of RSV to myotubes. Co-cultivation of C/O fibroblasts infected with subgroup A RSV with C/AB myotubes did not result in the accumulation of grains over C/AB myotubes (Fig. 5 a) . Fig. 5 (b) represents the phase-contrast microscopic view of the same field as in Fig. 5 (a) , showing the presence of myotubes and fibroblasts. This indicated that the positive results observed in Fig. 5 (d) and (e) are due to the presence of RSV RNA in the late-infected myotubes and not to mere physical attachment of the virus particles to the myotubes.
In the experiment shown in Table 1 , late-infected myotube cultures at various times after infection were subjected to in situ hybridization with 3H-labelled RSV DNA. It is clear from Table 1 that the silver grain count increased over the period of 4 days, reinforcing the positive result obtained in Fig. 5 . This increase could be attributed to the increased production of virus progeny RNA rather than accumulation of input RSV R N A in late-infected myotubes because the half-life of the infecting viral RNA is only about 3 h (Bolognesi & Graf, 1970) . In addition, the high-level of viral RNA detected in the myotubes could not be explained by adsorption of virus particles produced by the contaminating mononucleated cells because the level of contamination was always less than 10% and often about 1% of the population (data not shown).
Presence of subgenomic R S V RNA in late-infected myotubes
In the experiment shown in Fig. 6 , intracellular viral RNAs were subjected to Northern blot analysis with a 32p-labelled SRA2 DNA probe. The relative amount of subgenomic RNA (28S and 21S) togenomic RNA (38S) in late-infected myotubes was similar to that found in early-infected myotubes and infected fibroblasts. * One plate (10 cm) of each of the RSV-infected myotube cultures (developed from 5 x 106 myoblast cells) and CEF cultures (107 ceils) was lysed and fractionated by centrifugation into the nuclear and cytoplasmic fractions as described in Methods. One aliquot of the lysed cell suspension was used for RNA extraction (total unfractionated RNA), and another was centrifuged at 800 g for 10 min to separate the nuclear (pellet) from the cytoplasmic (supernatant) fraction. RNA was then extracted by the hot phenol/guanidinium thiocyanate method and quantified by dot blot hybridization with SRA2 DNA as a probe as described in Methods. The exposed film was then scanned using a densitometer, and the area under each curve was computed using a Bioquant Digitizer.
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The intracellular distribution of viral RNA was then examined. Late-infected myotubes and infected CEFs were lysed and fractionated into nuclei and cytoplasm (Guntaka et al., 1976) . The amount of hybridizing RSV RNA was determined by dot blot hybridization with the SRA2 DNA probe and densitometry (Table 2 ). Owing to the presence of rRNA in the samples and the use of genomic length DNA as probe, the real values for the cytoplasmic fraction may have been higher than those shown. Although the amount of hybridizing RSV RNA in the nuclear fraction and the cytoplasmic fraction did not add up to 1009/o owing to some loss of RNA during the fractionation procedure, the experiment showed that the relative amount of viral RNA in the nuclear fraction of late-infected myotubes is comparable to that in infected CEFs.
Discussion
In this communication, we have shown that late-infected myotubes, in which neither chromosomal DNA replication nor cell division takes place, contain as much viral DNA as infected CEFs. Although some viral DNA was found in the nucleus of late-infected myotubes, no significant amount of integrated RSV DNA (provirus) was found in the host DNA. We also found RSV RNA in late-infected myotubes, as determined by in situ hybridization and by Northern blot analysis.
The fact that the viral DNA was not integrated into the myotube chromosomal DNA was consistent with the generally accepted concept that host DNA synthesis is required for integration of RSV DNA (Varmus et al., 1977 (Varmus et al., , 1979 Varmus & Swanstrom, 1984) . Recent reports have shown that the cell-free retrovirus integration system (Goff, 1990; Brown, 1990; Coffin, 1990b; Grandgenett & Mumm, 1990) can integrate murine leukaemia virus DNA into a target DNA to the point of joining the 3' ends of viral DNA with the 5' ends of host DNA. This finding suggests that the completion of integration in vivo, by joining the single-stranded 5' ends of viral DNA to the 3' ends of host DNA, probably requires host DNA synthesis, either repair synthesis or replicative synthesis (Brown et al., 1987 (Brown et al., , 1989 Fujiwara & Craigie, 1989) . We should point out that the incomplete integration structure, viral DNA joined to host DNA only at the 5' ends, is theoretically detectable by the method we have employed in this report. Our results indicate that even such an intermediate could not be formed in late-infected myotubes. Since viral DNA was detected in the nuclei, the absence of integration cannot be explained by RSV DNA failing to penetrate the myotube nuclear membrane.
There are a few reported cases in which expression of viral genes takes place without integration of retroviral DNA into chromosomal DNA. CEFs transfected with RSV DNA are capable of producing active virus before integration (Cooper & Okenquist, 1978) . When CEFs are transfected with molecularly cloned retroviral DNA, the long terminal repeat (LTR) of which was mutated, the unintegrated viral DNA is capable of producing infectious viral particles (Panganiban & Temin, 1983) . However, the titre of the progeny virus from the unintegrated DNA is 103-to 104-fold lower than that from integrated DNA. In these two cases, the agents used are not viruses but are purified naked DNAs to which no other factors are bound. No detailed studies of viral gene expression in the absence of integrated viral DNA have been reported in which cells are infected with intact viruses. In a recent report, Stevenson et al. (1990) found that, although unintegrated human immunodeficiency virus type 1 (HIV-1) DNA can express its proteins, DNA integration is required for the production of infectious HIV-1 particles.
It has been shown that RSV replication proceeds, although it is delayed, in the absence of cell division (Humphries et al., 1981) . This agrees with our observation that viral DNA synthesis and RNA transcription take place in late-infected myotubes which have ceased to divide. In the accompanying paper (Hsia et al., 1992) , we present evidence indicating that this transcribed viral RNA is translated in late-infected myotubes. In addition, we have observed virus particle production from late-infected myotubes (H. T. Park et al., unpublished observation).
